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AbstractAbstract --TheThe purposepurpose ofof thisthis projectproject waswas toto design,design. buildbuild 
andand testtest aa lowlow costcost prototypeprototype thatthat transferstransfers compactcompact discsdiscs 
(CDs)(CDs) fromfrom aa spindlespindle toto aa computercomputer basedbased testingtesting station.station. 
ThisThis willwill speedspeed upup thethe CDCD production/testingproduction/testing interfaceinterface andand 
eliminateeliminate thethe needneedforfor manualmanual operation.operation. AlongAlong withwith aa heavyheavy 
productproduct designdesign technicaltechnical component. thethe projectproject includedincluded aa 
realreal lifelife educationaleducational experienceexperienceforfor thethefourfour studentsstudents whowho gotgot 
creditcredit forfor aa oneone yearyear advancedadvanced seniorsenior project.project. VariousVarious 
designsdesigns werewere consideredconsidered andand thethe optimaloptimal designdesign (based(based onon 
costcost andandperformance)performance) waswas prototyped.prototyped. 
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IndexIndex TermsTerms --automate,automate, compactcompact disc,disc, productproduct design,design, 
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INTRODUCTIONINTRODUCTION 

University’sRowanRowan University's CollegeCollege ofof EngineeringEngineering isis committedcommitted toto 
providingproviding theirtheir studentsstudents withwith significantsignificant laboratorylaboratory andand 
designdesign experiencesexperiences throughoutthroughout theirtheir fullfull fourfour yearsyears asas 
engineeringengineering students.students. InIn thethe FreshmanFreshman yearyear theythey areare givengiven 
anan opportunityopportunity inin thethe firstfirst semestersemester toto exploreexplore allall fourfour ofof thethe 
disciplinesdisciplines taughttaught atat RowanRowan (Electrical(Electrical && Computer,Computer, CivilCivil && 
Environmental,Environmental, Mechanical,Mechanical, andand Chemical)Chemical) whilewhile learninglearning 
aboutabout engineeringengineering measurementmeasurement techniquestechniques [1][2]. ThenThen thatthat 
samesame yearyear inin thethe secondsecond semestersemester thethe principlesprinciples ofof designdesign areare 
introducedintroduced throughthrough thethe useuse ofof anan experienceexperience inin competitivecompetitive 
assessmentassessment [3].[3]. SmallSmall groupsgroups ofof studentsstudents workwork onon thethe 
investigationinvestigation ofof aa singlesingle productproduct duringduring thethe fullfull semester.semester. 
AlongAlong thethe wayway theythey areare introducedintroduced toto newnew analysisanalysis 

[1][2]. 

a “hands-ontechniquestechniques andand computercomputer toolstools whilewhile learninglearning inin a "hands-on 
minds-on”// minds-on" methodmethod thethe multidisciplinarymultidisciplinary naturenature ofof productproduct 

design.design. ByBy thethe sophomoresophomore yearyear thesethese studentsstudents areare readyready forfor 
thethe nextnext stagestage -- actualactual designdesign assignmentsassignments inin aa wellwell 
supervisedsupervised butbut openopen environment.environment. InIn thethe sophomoresophomore yearyear 
thethe studentsstudents areare givengiven aa designdesign assignmentassignment and,and, againagain inin 
small (4-6small (4-6 students)students) groupsgroups theythey allall workwork onon aa singlesingle designdesign 
projectproject [4][5].[4][5]. WeWe maintainmaintain thethe multidisciplinarymultidisciplinary naturenature ofof 
thethe designdesign processprocess byby notnot groupinggrouping thethe studentsstudents byby 
discipline,discipline, eveneven thoughthough atat thisthis pointpoint theythey havehave chosenchosen theirtheir 
majorsmajors andand begunbegun takingtaking thethe introductoryintroductory discipline-specificdiscipline-specific 
coursescourses specifiedspecified byby theirtheir program.program. Also,Also, writtenwritten andand oraloral 
communicationcommunication areare givengiven muchmuch emphasis.emphasis. AtAt thethe juniorjunior andand 
seniorsenior level,level, thethe studentsstudents areare readyready toto beginbegin workingworking onon moremore 
realreal designlresearch projects.projects. TheThe AutomaticAutomaticworldworld design/research 
CompactCompact DiscDisc (CD)(CD) TransferTransfer projectproject waswas assignedassigned toto fourfour 
juniorlseniorjunior/senior levellevel studentsstudents (two(two fromfrom ElectricalElectrical andand 
ComputerComputer EngineeringEngineering andand twotwo fromfrom MechanicalMechanical 

Engineering).. FourFour facultyfaculty membersmembers supervisedsupervised thethe projectproject
Engineering)..
 
whichwhich isis describeddescribed inin thisthis paper.paper. AnotherAnother exampleexample ofof aa realreal
 
worldworld junior/senior levellevel projectproject isis thethe designdesign ofof aa portable,portable,
 
lowlow costcost andand ruggedrugged solarsolar lanternlantern [6].[6].
 

juniorkenior 

DESIGNDESIGN PROBLEMPROBLEM ANDAND OBJECTIVEOBJECTIVE 

TheThe problemproblem ofof automatingautomating aa compactcompact discdisc (CD)(CD) testingtesting 
facilityfacility afterafter CDCD productionproduction isis anan importantimportant problemproblem toto 
industriesindustries thatthat massmass manufacturemanufacture compactcompact discsdiscs [7][8].[7][8]. ItIt cancan 
bebe assumedassumed thatthat thethe CDCD productionproduction processprocess isis automatedautomated inin 
thatthat newlynewly manufacturedmanufactured CDsCDs areare placedplaced onon aa spindle.spindle. TheThe 
automationautomation ofof CDCD testingtesting avoidsavoids thethe needneed forfor aa manualmanual 
operatoroperator whowho wouldwould otherwiseotherwise randomlyrandomly selectsselects severalseveral CDsCDs 
andand feedfeed themthem toto aa testingtesting systemsystem toto verifyverify theirtheir integrity.integrity. 
TheThe systemsystem performsperforms variousvarious inspectioninspection teststests toto determinedetermine ifif 
thethe CDsCDs areare satisfactorysatisfactory forfor recordingrecording andand playingplaying purposespurposes 
and,and, ifif aa problemproblem oror defectdefect isis found,found, thethe entireentire runrun ofof CDsCDs isis 
moremore thoroughlythoroughly checkedchecked andand thethe problemproblem isis rectified.rectified. 

TheThe projectproject objectiveobjective isis toto design,design, buildbuild andand testtest aa 
lowlow costcost prototypeprototype whichwhich transferstransfers CDsCDs fromfrom aa spindlespindle toto aa 
computercomputer basedbased testingtesting station.station. ThisThis willwill speedspeed upup thethe CDCD 
production/testingproduction/testing interfaceinterface andand eliminateeliminate thethe needneed forfor 
manualmanual operation.operation. AlongAlong withwith aa heavyheavy productproduct designdesign 
technicaltechnical component,component, thethe projectproject includedincluded aa realreal lifelife 

students whoeducationaleducational experienceexperience forfor thethe fourfour students who gotgot creditcredit 
a oneforfor a one yearyear advancedadvanced seniorsenior project.project. VariousVarious designsdesigns werewere 

consideredconsidered andand thethe optimaloptimal designdesign (based(based onon costcost andand 
performance)performance) waswas prototyped.prototyped. 

PRELIMINARYPRELIMINARY DESIGNSDESIGNS 

TheThe studentsstudents werewere firstfirst takentaken onon anan industrialindustrial fieldfield triptrip toto 
observeobserve CDCD fabrication.fabrication. ForFor thethe prototypeprototype configuration,configuration, 
severalseveral designdesign factorsfactors thatthat thethe teamteam consideredconsidered werewere thethe 
placementplacement onon thethe fabricationfabrication line,line, priceprice comparison,comparison, andand 
softwaresoftware development.development. UsingUsing thesethese designdesign factorsfactors andand 
observations,observations, threethree separateseparate preliminarypreliminary designsdesigns werewere 
evaluated.evaluated. 

“Pick Place”TheThe firstfirst designdesign consistsconsists ofof twotwo "Pick andand Place" 
arms.arms. It “Pick Place”It: requiresrequires twotwo armsarms becausebecause aa "Pick andand Place" armarm 
cancan onlyonly obtainobtain twotwo positionspositions perper traveltravel andand ourour projectproject 
containscontains threethree separateseparate positions.positions. ThisThis designdesign wouldwould bebe 
placedplaced onon thethe sideside ofof thethe replicationreplication line.line. ItIt wouldwould pickpick thethe 
CDCD fromfrom thethe lineline atat aa stopstop positionposition afterafter thethe metallizer.metallizer. TheThe 
designdesign wouldwould bebe housedhoused onon aa cartcart withwith thethe CDCD readerreader 180180 
degreesdegrees behindbehind thethe firstfirst arm.arm. TheThe secondsecond armarm wouldwould bebe 
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placedplaced perpendicularperpendicular toto thethe readerreader andand retrieveretrieve thethe CDCD afterafter 
inspectioninspection andand placeplace itit ontoonto aa spindlespindle (see(see FigureFigure 1).1). 

TheThe secondsecond designdesign hashas aa BergerBerger LahrLahr arm,arm, whichwhich 
rotatesrotates aboutabout thethe Y-axis.Y-axis. TheThe armarm wouldwould bebe locatedlocated atat thethe 
endend ofof thethe lineline andand wouldwould placeplace aa newlynewly manufacturedmanufactured CDCD 
ontoonto aa spindle.spindle. TheThe armarm wouldwould thenthen rotaterotate pastpast thethe spindlespindle 
andand placeplace thethe CDCD intointo thethe reader.reader. WhenWhen thethe CDCD isis finishedfinished 
inspectioninspection thethe armarm needsneeds toto pickpick upup thethe CDCD fromfrom thethe reader,reader, 
placeplace itit onon thethe spindle,spindle, andand thenthen gogo backback toto itsits homehome positionposition 
toto retrieveretrieve thethe nextnext newnew CDCD (see(see FigureFigure 2).2). 

TheThe thirdthird designdesign alsoalso incorporatesincorporates thethe BergerBerger LahrLahr 
rotatingrotating arm.arm. OnlyOnly oneone armarm isis neededneeded forfor thisthis designdesign 
becausebecause itit cancan bebe programmedprogrammed toto movemove toto approximatelyapproximately 1616 
differentdifferent positions.positions. TheThe designdesign includesincludes thethe arm,arm, reader,reader, 
controller,controller, andand spindle.spindle. ThisThis apparatusapparatus wouldwould bebe placedplaced 
alongalong thethe sideside ofof thethe replicationreplication lineline (see(see FigureFigure 3).3). 

TheseThese designsdesigns werewere evaluatedevaluated basedbased onon complexity,complexity, 
price,price, andand availability.availability. DesignDesign 11 waswas quicklyquickly eliminatedeliminated duedue 
toto itsits highhigh costcost andand complexity.complexity. EvenEven thoughthough DesignDesign 22 isis thethe 
leastleast expensive,expensive, itit waswas notnot pursuedpursued sincesince extensiveextensive 
reprogrammingreprogramming wouldwould makemake thethe tasktask eveneven moremore difficult.difficult. 
Therefore,Therefore, thethe finalfinal designdesign (Design(Design 3)3) waswas chosen.chosen. SinceSince itit 
isis aa stand-alonestand-alone system,system, itit cancan bebe manufacturedmanufactured andand testedtested itit 
inin aa lablab beforebefore incorporationincorporation ontoonto anan actualactual productionproduction line.line. 

DESIGNDESIGN 33 --THETHE CHOSENCHOSEN DESIGNDESIGN 

FigureFigure 44 showsshows thethe electricalelectrical systemsystem ofof thethe 
prototypeprototype design.design. TheThe controllercontroller isis placedplaced inin thethe open.open. 
Therefore,Therefore, aa covercover forfor thethe controllercontroller needsneeds toto bebe designed.designed. 

operators’ can’tThisThis ensuresensures thatthat thethe operators' can't touchtouch anyany openopen wires.wires. 
AA plexi-glassplexi-glass coveringcovering forfor thethe controllercontroller waswas usedused therebythereby 
preventingpreventing physicalphysical contactcontact withoutwithout hinderinghindering visualvisual 
inspection.inspection. TheThe plexi-glassplexi-glass waswas milledmilled toto thethe dimensionsdimensions ofof 
thethe controllercontroller withwith rectangularrectangular pocketspockets whichwhich allowallow itit toto fitfit 
evenlyevenly overtop.overtop. FinallyFinally smallsmall holesholes werewere drilleddrilled ntonto thethe 
controllercontroller itself,itself, andand thethe coveringcovering waswas boltedbolted on.on. ThisThis 
uniqueunique designdesign notnot onlyonly ensuresensures thatthat thethe useruser cannotcannot touchtouch 
anyany openopen wires,wires, itit alsoalso givesgives thethe projectproject aa nicenice aestheticaesthetic look.look. 

TheThe nextnext stepstep isis toto incorporateincorporate thethe pneumaticspneumatics intointo 
thethe system.system. AA cylindercylinder controlscontrols thethe discdisc pick-uppick-up head.head. TheThe 
airair sourcesource mustmust bebe convertedconverted intointo aa vacuumvacuum supplysupply toto pickpick 
upup thethe compactcompact disc.disc. Therefore,Therefore, therethere isis thethe needneed toto useuse anan 
airair systemsystem toto getget thethe headhead toto movemove upup andand downdown andand toto pickpick 
upup thethe disc.disc. FigureFigure 55 givesgives aa diagramdiagram ofof thethe pneumaticpneumatic 
system.system. 

. AfterAfter designingdesigning thethe pneumaticpneumatic system,system, aa five-wayfive-way 
is 	 WhenWhen airair isis suppliedsupplied totovalvevalve IS connectedconnected toto thethe cylinder.cylinder. 

oneone endend ofof thethe cylinder,cylinder, aa blowblow offoff isis neededneeded throughthrough thethe 
otherother end,end, otherwiseotherwise thethe cylindercylinder willwill nevernever work.work. AA coilcoil isis 
attachedattached toto thethe toptop ofof thethe valvevalve soso itit cancan shiftshift fromfrom oneone pathpath 
toto thethe other.other. AA two-waytwo-way valvevalve isis neededneeded toto actact asas aa solenoidsolenoid 
valve.valve. ThisThis isis connectedconnected inin seriesseries withwith aa venturiventuri valve.valve. TheThe 
venturiventuri valvevalve transformstransforms thethe airflowairflow intointo aa vacuumvacuum supply.supply. 
TheThe two-waytwo-way valvevalve actsacts asas anan on/offon/off valvevalve byby turningturning thethe airair 
supplysupply onon andand offoff whenwhen enteringentering thethe venturi.venturi. ForFor thethe system,system, 

thisthis valvevalve isis normallynormally closedclosed becausebecause thethe vacuumvacuum isis onlyonly 
requiredrequired forfor shortshort periods.periods. Finally,Finally, softwaresoftware isis writtenwritten inin thethe 
BergerBerger LahrLahr langaugelangauge toto controlcontrol movementmovement ofof thethe arm.arm. 
FigureFigure 66 isis aa photographphotograph ofof thethe finalfinal design.design. 

SUMMARYSUMMARY 

TheThe aimaim ofof thisthis projectproject waswas inin designing,designing, buildingbuilding 
andand testingtesting aa lowlow costcost prototypeprototype whichwhich transferstransfers compactcompact 
discsdiscs (CD)(CD) fromfrom aa spindlespindle toto aa computercomputer basedbased testingtesting 
station.station. ThisThis projectproject waswas extremelyextremely successfulsuccessful bothboth asas aa realreal 
lifelife designdesign experienceexperience forfor thethe studentsstudents andand asas aa learninglearning 

for theexperienceexperience for the facultyfaculty whowho werewere involvedinvolved inin supervisingsupervising 
“start scratch”aa "start fromfrom scratch" productproduct design.design. TheThe initialinitial projectproject 

definitiondefinition waswas notnot specificspecific inin termsterms ofof thethe technicaltechnical 
specificationsspecifications thatthat werewere required.required. Rather,Rather, thethe chargecharge toto thethe 
designdesign groupgroup waswas moremore general.general. WeWe onlyonly hadhad thethe finalfinal goalgoal 
inin namely,, toto anan workingworkingmind,mind, namely" createcreate economicaleconomical 
prototype.prototype. students,ThisThis createdcreated thethe idealideal situationsituation forfor ourour students 
theythey werewere facedfaced withwith learninglearning moremore aboutabout notnot theonlyonly th~ 
technologytechnology butbut alsoalso aboutabout thethe contextcontext inin whichwhich thethe 
technologytechnology isis toto bebe used.used. ThisThis isis aa lessonlesson thatthat wewe oftenoften dodo 
notnot havehave “time” toto teachteach ourour studentsstudents inin thethe typicaltypical"time" 
classroomclassroom situation.situation. b w a n  University’sRowan University's clinicclinic programprogram inin 
engineeringengineering isis thethe idealideal placeplace toto exploreexplore notnot onlyonly traditionaltraditional 

a placetechnicaltechnical designdesign butbut alsoalso a place wherewhere wewe cancan createcreate forfor thethe 
studentsstudents anan opportunityopportunity toto workwork onon realisticrealistic engineeringengineering 
practicepractice thatthat wewe wouldwould allall likelike ourour studentsstudents toto bebe awareaware of.of. 

LEARNINGLEARNING OUTCOMESOUTCOMES 

TheThe objectivesobjectives ofof thethe junior/seniorjunior/senior clinicclinic coursecourse are:are: 
1 .1.	 DemonstrateDemonstrate expandedexpanded knowledgeknowledge ofof thethe generalgeneral 

practicespractices andand thethe professionprofession ofof engineeringengineering throughthrough 
immersionimmersion inin anan engineeringengineering projectproject environmentenvironment 
ofof moderatemoderate toto highhigh complexity.complexity. 
Demonstrate2.2.	 Demonstrate anan abilityability toto workwork effectivelyeffectively inin aa 
multidisciplinarymultidisciplinary team.team. 
Demonstrate3.3.	 Demonstrate acquisitionacquisition ofof newnew technologytechnology skillsskills 
throughthrough useuse oror developmentdevelopment ofof appropriateappropriate 
computercomputer hardware,hardware, software,software, and/orand/or 
instrumentation.instrumentation. 
Demonstrate4.4. Demonstrate effectiveeffective useuse ofof projectproject andand personnelpersonnel 

’ managementmanagement techniques.techniques. 
5.5.	 DemonstrateDemonstrate improvedimproved communicationcommunication skillsskills 

includingincluding written,written, oral,oral, andand multimedia.multimedia. ConductConduct aa 
patentpatent searchsearch andand writewrite aa patentpatent disclosuredisclosure forfor novelnovel 
work.work. 
TheThe projectproject describeddescribed inin thisthis paperpaper isis anan exampleexample ofof 

1aa oneone yearyear junior/seniorjunior/senior clinicclinic experience.experience. TableTable I givesgives thethe 
assessmentassessment resultsresults basedbased onon studentstudent feedback.feedback. 
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FigureFigure 4:4: DesignDesign ofof ElectricalElectrical SystemSystem 

FigureFigure 5:5: DesignDesign ofof PneumaticPneumatic SystemSystem 



 

 
 

 

   

Proiect DesigdLayoutFigureFigure 6.6. FinalFinal Project Design/Layout 

QuestionQuestion oror StatementStatement MeanMean StandardStandard 
DeviationDeviation 

StudentsStudents self-ratedself-rated abilityability onon leadershipleadership andand projectproject managementmanagement skillsskills 14.14.1 I 0.640.64 

StudentsStudents self-ratedself-rated abilityability onon applyingapplying engineeringengineering theorytheory andand designdesign 3.913.91 0.860.86 
methodologymethodology 

self-ratedStudentsStudents self- rated abilityability onon useuse ofof advancedadvanced engineeringengineering softwaresoftware 3.003.00 1.301.30 
StudentsStudents self-ratedself-rated abilityability onon usingusmg laboratorylaboratory equipmentequipment andorand/or 4.524.52 0.860.86 
fabricationfabrication andand testingtesting 
StudentsStudents self-ratedself-rated abilityability onon creativecreative thinkingthinking andand problemproblem solvingsolving 4.224.22 0.730.73 
neededneeded forfor thethe projectproject 
StudentsStudents opinionopinion ofof whetherwhether theirtheir projectproject couldcould bebe thethe basisbasis forfor aa newnew 3.803.80 1.071.07 
processprocess oror productproduct 
StudentStudent assessmentassessment ofof thethe effectivenesseffectiveness ofof theirtheir teamteam 4.024.02 0.830.83 

TableTable 1.1. AssessmentAssessment ResultsResults (1- Poor,Poor, 2-2- Fair,Fair, 33 - Average,Average, 44 - AboveAbove Average,Average, 55 - Excellent)Excellent)(1 - - - -




